The article presents the technology and an analysis of results of engineering structure displacements and deformation measurements. Two measuring technologies using the TDRA65000 laser station from Leica and the FARO Focus M scanner were applied during the tests. Use of the laser station enabled us to define horizontal and vertical displacements of a control network established on the tested facility. Owing to this, it was also possible to transform scanner measuring stations into one integrated unit. The described measurement methodology ensures a high accuracy of scanner station fitting which translates directly into the accuracy of determination of deformations in structural components of a facility. Integration of methods applied in the tests makes it possible to monitor not only displacements of control network points but also the structure as a whole in a uniform coordinate system.
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INTRODUCTION
Geodetic monitoring is applied to determine displacements and deformations of engineering structures, etc. It covers measurements, a further analysis of which is used to precise conclusions concerning the dynamics of structure changes. Furthermore, such measurements provide information on their geometric conditions and changes over time [3, 4] . A basic symptom of unfavourable phenomena occurring in buildings are their displacements. They are monitored with a series of measurements of a network of measuring and control points established on the facility [5] . Contemporary measuring technologies are applied to fulfil tasks which could not be fulfilled with the traditional methods, while ensuring the required accuracy. Displacements and deformations of engineering structure constituents can be determined with modern laser devices. These technologies are often used in metrological industrial measurements and are distinguished with a very high distance measurement accuracy up to +/-15 μm + 6 μm/m at retroreflector measurements and an operating range of 120 m [2, 7] . Furthermore, measurements conducted with such techniques are less labour intensive and less time consuming. They guarantee a higher precision and can be used to solve complex measurement tasks [6] . The article presents an analysis of results of building displacement measurements. Two measuring devices were used for this purpose: the TDRA 6000 coordinate laser station from Leica and a 3D scanner from FARO. The purpose of the tests was to check the possibility of combining two measuring technologies, allowing for effective determination of engineering structure deformations. With obtained test results, we were able to draw conclusions on the possibility of using the above measuring technologies for this task and on the achieved accuracy.
TESTED OBJECT
The tests were conducted on a control network established inside an overhead skyway connecting buildings of the University of Science and Technology in Bydgoszcz. The skyway is of a reinforced concrete design supported on 12 columns. The view of the skyway is shown in Fig. 1 . Controlled points and stabilised reference points remained inside the skyway and the surrounding buildings in the form of washers fixed to the floor (Photo 2a). In order to present measurements carried out with the laser station and the scanner in a uniform coordinate system, adjustment points were arranged in the buildings adjacent to the skyway in the form of crosshairs fixed to the walls (Photo 2b). The layout of network points is shown in Fig. 1 . 
METHODS
The purpose of the tests was to check the possibility of using two measuring technologies allowing for determination of engineering structure deformation displacements. Two measuring devices were used for the tests: the TDRA6000 coordinate laser station from Leica and the 3D Faro Laser Scanner Focus M. The TDRA6000 laser station features a direct drive technology ensuring a 3D point accuracy of 0.25 mm and can be used to observe horizontal and vertical directions with an average error of 0.0013 g at a distance of 0.2mm [1, 8] . The device with proper software is a perfect tool to monitor engineering facilities. The 3D Focus FARO scanner is characterised by a distance measurement accuracy of ±1mm and an angular accuracy of 19" [9] . Measurements of the network with the laser station involved recording 3D coordinates of controlled points on each of 7 free stands (a-g). Only the nearest control points were observed from each stand: for the outermost stands (a, g) -5 points, for the remaining stands -4 points. Measurements were carried out twice. Calculations were made in two stages. At the first one, differences in elevation between the network points were calculated and then the network was subjected to rigorous adjustment. The second stage involved determination of horizontal displacements of the established network. Calculations were made with flat X, Y coordinates of the control points, applying isometric transformation integrating free stands and Helmert transformation on 6 adjustment points (P1-P6), the purpose of which was to present control point coordinates from individual measurement series in a uniform local coordinate system. Horizontal displacements of the points were determined by calculating differences of X and Y coordinates between measurement series. Laser scanning measurements were carried out on 9 free stands. The first phase of data development involved gathering of point clouds into one set. After integrating free point clouds obtained from the stands into one set, it was transformed into a uniform system using the adjustment points. Adjustment point coordinates (K1÷K6) were specified in the process of calculation of laser station measurements. With such a calculation scheme, it was possible to determine coordinates of the controlled points and coordinates of the point clouds in a uniform coordinate system. This method provides an opportunity to perform cyclical measurements of a structure and determine its displacements and deformations. On the basis of the above measurements, it was possible to determine vertical displacements of the controlled points. Displacement errors specified in the process of their determination are a significant parameter for the assessment of utilisation of a laser station for such tasks. Obtained errors of determined vertical displacements are shown in Table 1 . After integrating the stands, starting from the second measurement series, the network points were transformed to the system from the output measurement (measurement 0) using the reference points (P1-P6). For this purpose, the Helmert transformation was applied. Values of transformation errors are shown in the table below. Scanner measurements conducted from 9 stands were added to the last measurement series involving laser station measurements. The view of the integrated point cloud is shown in Fig. 2 . In the process of connecting point clouds, maximum and average point measurement errors were determined (Table 4) . On the first and last stands in this measurement, the scanner recorded the position of the adjustment points (K1÷K6) whose spatial coordinates were determined also with the TDRA6000 laser station. On the basis of the adjustment point coordinates, the integrated point cloud was transformed into the system applied in the laser station measurement. This process was completed for two variants. In the first one, the transformation was based on three adjustment points in the first scan, in the second one -all six points recorded in the first and last scans were used. Errors of individual adjustment points are shown in Table 5 . Analysing the values of errors for variant 1, one can state that they fall within the scanner specification (below 1 mm). However, they do not characterise the accuracy of the integrated point cloud. Moreover, as regards the geodetic measurement principles, such a one-sided reference is rarely applied. Variant 2, in which adjustment points are in the first and last scans, provides information on the accuracy of the whole integrated cloud. Values of errors in this variant do not exceed 3 mm.
DISCUSSION OF THE RESULTS

SUMMARY AND CONCLUSIONS
The article presents an analysis of the results of building displacement measurements. The purpose of the tests was to check the possibility of using two measuring technologies allowing for effective determination of engineering structure deformations. The TDRA6000 coordinate laser station from Leica and the FARO 3D scanner were used in the above measurements. On the basis of the analyses performed, the following conclusions have been drawn:  Analysing errors specified in the process of determination of vertical displacements of the network of control points established inside the skyway, a high accuracy of the measurement was stated. Errors of determined displacements were max 0.08mm, which corresponds to accuracies obtained when applying the precise levelling method. The applied method may constitute an alternative to the precise levelling method used for vertical displacements.  The accuracy analysis of the presented vertical displacement determination method was based on determination of errors of two types of transformations: isometric and Helmert. Both, errors of the isometric transformation for free stands (max 0.31mm) and errors of the Helmert transformation (max 0.88mm) indicate a high accuracy.  The analysis of measurements carried out with the scanner confirmed that the value of errors of adjustment points for a single stand did not exceed 1 mm, which falls within the scanner specification.  The variant of compilation of measurements obtained through the scanning, in which adjustment points were positioned in the first and last scans, provided information on the accuracy of the whole point cloud. The values of errors in this variant did not exceed 3mm.
